Glucose-dependent Insulinotropic Polypeptide (GIP): From prohormone to actions in endocrine pancreas and adipose tissue.
The present thesis consists of one published article and one draft manuscript. Interest in the incretin hormone glucose-dependent insulinotropic polypeptide (GIP) was reignited by the discovery that GIP receptor deficient mice were unable to gain weight in response to high fat feeding. However, the path from processing of the prohormone to regulation of secretion and establishment of its role in the complicated network of mediators involved in energy mobilization is not fully understood. The biologically active GIP1-42 was found in vivo to be dependent on processing from the immature prohormone by proprotein convertase 1/3 (PC1/3) in the intestinal K-cell. Even so, ~50% of GIP immunoreactive cells do not express PC1/3 raising the possibility that subsets of K-cells exist in which the precursor may be cleaved at alternative sites. Cell line studies did demonstrate that another convertase in endocrine cell types, PC2, mediated cleavage at alternative sites liberating larger and smaller GIP fragments. It was possible to detect fragments of similar size in gel filtration extracts of murine upper jejunum, but the identity, mechanism of processing and function of these immunoreactivities remains uncertain. Once correctly processed GIP1-42 is secreted in response to food intake. The K-cell is believed to directly sense and respond to nutrients in the intestine, but as the molecular profiling of this cell type has just begun, the nutrient sensing machinery and possible feedback regulation are still poorly characterized. When secreted to the blood stream, GIP acts as a mediator of energy mobilization in a complex network with other hormones. An acute and established function of GIP is to exert its incretin function thereby enhancing glucose stimulated insulin secretion necessary for prompt disposal of nutrients, yet GIP also stimulates glucagon secretion to increase blood glucose. In the diabetic state the insulinotropic effect of GIP is impaired and an early inexpedient glucagon stimulation in response to a meal further counteracts effects of insulin and worsens glycaemic control. A demonstration that GIP receptor deficient mice were resistant to diet induced obesity let to the categorization of GIP as a fat promoting hormone and direct insulin-mimetic effects in adipose tissue has been proposed. We were able to demonstrate a redundancy for the GIP receptor in incorporation of lipids into adipocytes. We also observed that GIP receptor deficient mice could respond normally to high fat feeding with increased fat mass, but failed to increase lean mass. Mice with rescue of the GIP receptor in adipose tissue normalized the body composition in response to high fat diet, but the mice had a lower total body weight. In contrast, the GIP receptor expressed in the pancreatic beta-cell was able to promote lean mass gain on a low fat diet, but not on a high fat diet. Overall, we have established principal requirements for GIP maturation. Furthermore, we have demonstrated that neither beta-cell nor adipocyte GIP receptor expression can replace the endogenous GIP receptor in regulation of body weight and body composition.